Background: The relationship between serum lipid profile levels and cancer risk remained uncertain. Recently, it had been reported a significant inverse association between high-density lipoprotein cholesterol (HDL) and the risk of incident cancer that was independent of low-density lipoprotein cholesterol (LDL), age or sex. Objective: The aim of our study was to evaluate the behavior of HDL in cancer patients and in healthy population. Methods: We created a retrospectively search strategy in the laboratory information system (LIS). We filtered and searched those patients with CEA within 5 -20 ng/ml and any value of HDL and corroborated the presence of cancer (Group 1 (G1)) or not (Group 2 (G2)). Moreover, we searched a control group (patients in outpatient oncology clinic) to observe the values of HDL. Comparisons and statistical logistic regression models were applied to link the levels of this biomarkers and cancer risk. Results: We examined 852 valid patients, median age 62 (50 -73) years. Within the search strategy group, G2 showed highest levels of HDL (54 (43 -67) mg/dl) and lowest CEA levels (6.7 (5.7 -8.4) ng/ml) comparing with G1: HDL (47 (37 -60) mg/dl) and the CEA (7.9 (6.2 -10.9) ng/ml); p < 0. 
Introduction
Relationship between serum lipid profile levels and cancer remains uncertain. Several epidemiological studies have shown a correlation between increased hypercholesterolemia at the study baseline, and the occurrence of certain cancers, particularly breast cancer and other gynecologic cancers [1] - [3] . Indeed, low serum total cholesterol (TC) has been associated with increased mortality and cancer [4] - [6] and hence, inversely associated with cancer risk. Furthermore, high levels of triglycerides (TG) have been associated to the incidence of different cancers [7] [8] . But, low concentrations of high-density lipoprotein cholesterol (HDL) have been studied the most, linking low HDL levels with higher cancer risk, in different types of cancers [1] [2] [6] [9]- [14] . Furthermore, recent meta-analysis by Jafri H. et al. [15] has reported a significant inverse association between HDL and the risk of incident cancer that is independent of low-density lipoprotein cholesterol (LDL), age or sex. Also it appears a relation between serum lipid metabolism and risk of obesity-related cancers [16] and nowadays, obesity is a problem that grows up in the western society. This topic is becoming an interesting discussed aspect in recent literature [16] [17] .
Taking into account that low HDL seems to be the lipoprotein levels with most interesting results related to prediagnostic cancer [1] [2] [6] [12] [15] [16] [18]- [22] , we decide to choose a retrospective study. We created a search strategy in the laboratory data base, filtering the population groups using the carcinoembryonic antigen (CEA), as a general non-specific tumor marker involved in many types of cancer. CEA is the preferred tumor marker related to predict the prognosis in patients with colorectal cancer and also can be elevated in lung [23] [24], breast [25] , cervical [26] , liver, thyroid, stomach cancer [27] , etc. Knowing this, we filtered the study population with the purpose to select a possible group of population that could present cancer or not, and could avoid the extended laboratory database. Therefore, the principal aim of this retrospective observational study is to evaluate the behavior of HDL levels in a possible "healthy" population, in a population with high probability of developing early cancer and moreover in oncologic patients previously diagnosed.
Patients and Methods

Patients Search Strategy
We examined retrospectively 1025 patients evaluating the relationship between HDL and CEA, as the main non-specifically tumor marker implicated in several cancers. HDL over 60 mg/dl is considered an optimum level and values <40 mg/dL is associated with atherosclerotic risks [28] . The normal range of CEA serum levels varies between laboratories, but levels higher 5 ng/ml must to be observed. The range between 5 -20 ng/ml are not normal, but can also be elevated by some non-cancerous diseases such as liver cirrhosis, chronic renal failure, chronic obstructive pulmonary disease, the presence of polyps, and otherwise "healthy" smokers (around 5% -7%). But CEA concentrations above >25 ng/ml, approximates to a 95% of probability to present a cancer diagnostic [24] [25] [29] . Knowing these criteria we created a search strategy in the laboratory information system (LIS) (Omega 3000, Roche Diagnostics, Mannheim, Germany) to observe mainly the HDL behavior. This strategy was applied for three years. Firstly, we filtered patients on LIS, searching those patients with CEA between 5 -20 ng/ml and any value of HDL. This strategy quest, was created to observe slightly but significant high levels of CEA, on patients who were corroborated the presence of any type of cancer (Group 1 (G1)) or not (Group 2 (G2)), by consulting medical records. Moreover we searched for patients from oncology department, and they were selected as the control group: patients previously diagnosed with cancer. This patients presented higher levels of CEA and we observed any value of HDL.
We studied the levels of lipid profile: TC, calculated low-density lipoprotein cholesterol (LDL), HDL in those groups. We collected data of alkaline phosphatase (ALP), creatinin, CEA and moreover, we registered the different main types of cancer on CEA is predominantly elevated (colorectal, breast, lung cancer (non-small cell lung cancer (NSCLC) and others).
For this retrospective observational study, all patients were informed and consented to participate on it. The Research Ethics Committee approved the study in accordance with the Declaration of Helsinki, as amended in Edinburgh in 2000.
Methods
The analytical results searched in the laboratory information management system (LIS) offered us a selected number of patients to collect the required data. All the analytical tests were performed in automated platforms as Hitachi or Cobas 6000 (Roche Diagnostics, Mannheim, Germany). HDL levels were assessed by a direct determination using polyethylene-glycol modified enzymes and dextran-sulfate. CEA levels were assessed by an electrochemiluminescence method. The electronic clinical history data of the patients was collected using SELENE platform (Siemens).
Statistical Analysis
Each categorical variable was expressed as frequency (percentage) of patients. Continuous variables were tested for normal distribution by the Kolmogorov-Smirnov test, only TC follow behave a normal distribution. The normal distributed continuous variables are shown as mean ± SD, and those non-parametrically distributed are shown as median (interquartile range). Differences between groups were assessed by the unpaired t-test for independent samples, the Mann-Whitney U test (as appropriate) for continuous variables. Correlation was performed between two continuous variables by Spearman test. A two-side probability value of p < 0.05 was considered statistically significant. Multivariate analysis by logistic binary regression was used to identify the factors associated to the presence of cancer. Variables with p < 0.15 in the univariate analysis were included into the multivariate regression model. A linear multivariate regression model was also evaluated. Performance of these tests was evaluated using receiver-operating characteristics (ROC) curves and the best cutoff point for HDL and CEA were applied. HDL and CEA levels were dichotomized as "low" or "high" according to whether the circulating levels were under or over the calculated threshold (cut-off). This dichotomy for HDL and CEA were assessed into the logistic regression model to explore the overall predictive value of theme upon cancer. Statistical analyses were carried out with SPSS version 15.0 software (Chicago, Illinois, USA).
Results
We examined retrospectively 1025 patients, finally 852 valid (48% men and 52% women), mean age 62 (50 -73). All the descriptive results are shown in Table 1 . Within the search strategy group, G2 (No cancer) showed highest levels of HDL (54 (43 -67) mg/dl) and lowest CEA levels (6.7 (5.7 -8.4) ng/ml) comparing with G1: HDL (47 (37 -60) mg/dl) and the CEA (7.9 (6.2 -10.9) ng/ml), both of them p < 0.001 (Figure 1) . Moreover, the values in the control group (patients from oncologic department) observed were: the lowest HDL levels (41 (29 -54) mg/dl) and CEA (25.2 (6.1 -124.5) ng/ml); p < 0.001 between oncology patients and the search strategy group. HDL and CEA showed no signification correlation between them (r = −0.22; p = 0.876). The percentage of different types of cancer in the oncology control group was: Colorectal: 28.3%, Breast: 14.3%, Lung Cancer (NSCLC): 12.1%, tumors that present a marked elevated CEA. The remaining was a 45.3% of various cancers, data very closed to the one observed in G1 group ( Table 1) . In addition, statistically significant differences between G1 and G2 were observed for creatinine (0.83 (0.70 -1.05) vs. 0.9 (0.7 -1.12), (p = 0.017)) and alkaline phosphatase (89 (72 -121) vs. 82 (66 -109), (p = 0.003)). The rest of descriptive variables (lipid profile remaining) did not showed statistically significant differences between groups.
On univariate analysis ( Table 2) .001) ) respectively. The best HDL and CEA cut-off levels for the development of cancer were 37.5 mg/ml and 6.4 ng/ml. This cut-off concentration had a sensitivity value of 82.7% and a specificity value of 23.9% for HDL and a sensitivity value of 65% and a specificity value of 43.6% for CEA. The combination of both markers offered an increase in the AUC to 0.638 (0.592 -0.683) ( Table 3) .
Univariate analysis model with the cut-off values chosen for HDL ≤ 37.5 mg/dl, (p = 0.043) and CEA ≥ 6.4 ng/ml, (p = 0.033) appeared like they were predictors of cancer development (Table 4) . Also, on multivariate analysis both cut-off, HDL ≤ 37. 
Discussion
We presented in this retrospective study, interesting data about the behavior of HDL and the presence of cancer. Filtering population to select different groups, we observed in those patients from oncology (our control group) how they showed lowest values of HDL 41 (29-54) mg/dl, in which the medium rubbed the normal HDL population values (40 -60 mg/dl) and the 25th percentile value of 29 mg/dl, was very far away of normal values, with a really low HDL level (Table 1) . Furthermore, this behavior is corroborated in the main objective of our study, which was to have a random population, selecting by CEA values, within 5 -20 ng/ml, which means to obtain healthy patients (G2) and confirmed cancer patients (G1). So, the HDL behavior observed in the group who also suffered some cancer was a low HDL values 47 (37-60) mg/dl, compared to those without cancer, confirming our theory to find lower values of HDL related to cancer patients. Interestingly, a strong and significant inverse relationship has been reported recently between baseline HDL cholesterol and the incidence of cancer [15] , in some meta-analysis. The median baseline HDL for all included in the Jafri et al. meta-analysis was 44.4 (39.0 -47.4 mg/dl), a similar median obtained in our study and also similar to the one presented by, Ahn J. et al. [6] that also previously evaluated the prediagnostic HDL related to cancer risk. They showed in the ATBC cohort how high serum TC were associated with decreased overall cancer incidence in the multivariate model and also high serum HDL levels (median of 46.3 mg/dL) was modestly, but significantly, associated with decreased cancer incidence. They excluded all cases diagnosed during the first 12 years of follow-up, arguing against an effect of preclinical disease on serum concentrations. These findings are consistent with the Framingham Offspring Study [30] , but it is needed future consistent designs with the same exclusion of firstly years of follow-up, as we discussed recently [17] . This theory is further supported in our study performing a linear regression model, in which HDL provides a negative correlation of HDL related to increased risk of cancer, contrary to the positive OR of CEA, as was supposed. Also in the binary logistic regression are provided significant OR below 1 for HDL and above 1 to CEA ( Table 2) . Thus, we saw that CEA was also a good filter in our population (they also did not confirm to depend on each other, in the Spearman correlation). Moreover, we see in our group of tumors that the most prevalent were those that have higher elevations of CEA traditionally related (colon, NSCLC, metastatic breast cancer…) [24] [25] [29] .
These data was also corroborated in other meta-analysis by Melvin J.C. et al. [16] , linking between serum markers of lipid metabolism and risk of obesity-related cancers, with different pooled models that link not only low HDL levels (<1.03 mmol/L), also low Apoliprotein-A (apoA) or high TC and TG, using clinical cut-points. But, we only could show similar results for HDL levels. Therefore, with the same approach, proposing cut-off points with ROC curves, used in the meta-analysis by Melvin J.C. et al., we tried to confirm a possible cut-off value of HDL, CEA related to cancer risk, as we could observe in the improvement AUC value, using both together ( Table 3) . In this case, we aimed to show the relevance for clinicians to take into account those repeated low concentrations of HDL in patients without associated pathology. Especially, focusing in the fact that HDL is a common parameter requested in basic analytics, however no other biomarkers, as tumour markers, are requested in routine analytic, and those are the ones that use to give some suspicion of malignancy in patients. But it is important to note that, we don't intend to propose such use of this cutoff values in our retrospective study, it has to be confirmed in more prospective studies designed for this topic. Although, it had been previously corroborated in several studies, as we mentioned previously, numerous prospective studies have evaluated HDL levels in relation to the incidence of cancer, upon significant cohorts. Several of those studies related low HDL levels to major risk of prostate cancer [5] , gynecologic cancers [3] , lung cancer [20] , etc. But the main cancer type studied in this topic has been breast cancer, with different results associated to menopausal state, in large cohorts [2] [12] [31] [32] .
One of the possible reasons in the increasing incidence of cancers, mainly gynecologic cancers, in affluent societies is the obesity epidemic [16] . The precise aetiology linking obesity and cancer risk is related with an evidenced role of lipid metabolism in tumour development [33] . So, a complex scenario emerges trying to link lipid profile, obesity, inflammation, and cancer risk [13] [16] [17] [19] , topic that has to be studied properly.
Furthermore, it has been shown that phytosterol supplementation protects HDL from lipid peroxidation, involving some changes in the physicochemical properties of HDL, induced by their increased phytosterol content. In this context, and taking into account that human HDL protects LDL from oxidative modification, it is noteworthy that apoA-I, the main HDL protein component, was recently shown to inhibit tumour development in mice [34] . In fact, has also been tested, in a transgenic mouse model of inherited breast cancer [35] , the effects of a dietary phytosterol supplement on tumour onset and progression. This study demonstrated a protective effect of phytosterol supplementation with an effect in preventing lipoprotein oxidation in mice, a property that could explain their possible anticancer effects since lipoprotein oxidation/inflammation has been shown to be critical for tumour growth. Moreover, other recent studies in mouse models also demonstrates the possible inhibition of hypoxia-inducible factor-1α (HIF-1α) could be a critical mechanism responsible for the suppression of tumor progression by apoA-I mimetic peptides [36] . A fact that accompanies our theory because of apoA-I is the primary protein constituent of HDL.
Limitations
Low HDL cholesterol is associated with the presence of high plasma levels of inflammatory mediators, independent of possible confounders such as smoking, alcohol intake, and physical activity or some drugs taken on medical treatments that could affect some hepatic process related to lipid metabolism [19] . That's why, the value of HDL as a negative acute phase reactant, could also be valuable to determine whether the association between low HDL and cancer was due to an increase of inflammation. But we did not have sufficient data of C-reactive protein, for example, to include it in the model as well as other factors, like smoking, obesity or alcohol intake.
The principal limitation of the present study lies in its purely cross-sectional design. We could perform only association analyses, but long-term follow-up of our patients would likely provide additional information to corroborate the proposed value of HDL for predicting cancer progression to poor clinical states, not only the presence or not as we observed in our regression models. But, this observational study was based on an extended and selected patient cohort that could offer potential interesting data.
Conclusions
Our findings confirmed the inverse association of HDL levels between healthy populations and were diagnosed with cancer. Moreover, we had a random population, selected by CEA values, in which patients with cancer presented lower HDL values than those without cancer, confirmed in statistic regression models. Therefore, it could demonstrate the possible positive predictive value of low HDL related to cancer risk. 1) What is already known about this topic?
The relationship between serum lipid profile levels and cancer remains uncertain. Several epidemiological studies have shown a correlation between low levels of high-density lipoprotein cholesterol (HDL) and higher cancer risk, in different types of cancers. This fact has been casually observed in some of the major multicenter studies.
2) What does this article add?
We evaluate the behavior of HDL in cancer patients (control group), in healthy population and in a population with high probability of developing early cancer.
We have a retrospective random population, selected by CEA values, in which patients with cancer present lower HDL values than those without cancer.
The performance of a linear and binary regression models shows how HDL provides a negative correlation of HDL related to increased risk of cancer, contrary to the positive OR of CEA, as it is supposed.
